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Description
Field of the invention

[0001] The invention relates to a coaxial cable and a
method of producing a coaxial cable.

Background

[0002] A coaxial cable is an electrical cable consisting
in essence of an inner conductor that is surrounded by
one or more layers of insulating material that are sur-
rounded by a cylindrical conducting sheath which is com-
monly referred to as outer conductor. The outer conduc-
tor is usually surrounded by a final insulating layer which
is also denoted as jacket.

[0003] Coaxial cables are used as high-frequency
transmission lines to carry a high-frequency or broad-
band signal. Because the electromagnetic field carrying
the signal exists ideally only in the space between the
inner and outer conductors, it cannot interfere with or
suffer interference from external electromagnetic fields.
[0004] Duetoohmiclosses, apartof the electric power
of the signal that is carried by a coaxial cable is trans-
formed into heat. The heat causes an increase of tem-
perature of the coaxial cable with a relative strong tem-
perature gradient over a cross-section of the coaxial ca-
ble with decreasing temperatures from the inner conduc-
tor to the outer conductor. In case the melting tempera-
ture of the dielectric layer or dielectric layers in between
the inner and outer conductor is exceeded, the cable is
destroyed as the inner conductor is not anymore me-
chanically attached to the inner surface of the dielectric
layer. The melting temperature of the dielectric layer be-
tween the inner and outer conductor poses therefore a
limit to the maximal electrical power that can be trans-
ported over the coaxial cable.

[0005] Polyolefins are preferably used as material for
the dielectric layer as they provide relative low dielectric
loss and are relatively easy to handle and process. A
polyolefin is a polymer produced from a simple olefin, or
alkene as a monomer. An equivalent term is polyalkene.
Polyethylene and polypropylene are examples of a poly-
olefin. Polyethylene is the polyolefin produced by polym-
erizing the olefin ethylene and polypropylene is made
from propylene.

[0006] Polyolefins have however the disadvantage
that their melting temperatures are relative low so, when
used as material for the dielectric layer in a coaxial cable,
the relative amount of electric power that can be trans-
ported by the coaxial cable will be relatively low.

[0007] Cross-linking relates to the process of introduc-
ing cross-links between the polymers of for example the
dielectric layer consisting of a polyolefin such as polyeth-
ylene. Cross-links are covalent bounds linking one poly-
mer chain to another. They are the characteristic property
of thermosetting plastic materials. Cross-links are formed
by chemical reactions that are initiated by heat and/or
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pressure, or by the mixing of an unpolymerized or partially
polymerized resin with various chemicals. Cross-linking
can be induced in materials that are normally thermo-
plastic through exposure to radiation. A cross-linked poly-
olefin has the advantage that it melts at a higher melting
point.

[0008] JP 53096486 A describes a manufacturing
method for coaxial power cables. In order to prevent
blowing, deformation, etc due to thermal pressurization
of the dielectric layer of a coaxial cable, cross-linked di-
electric layers are formed except of the innermost die-
lectric layer in such a manner that polyethylene polym-
erized with silicone system compound and the existence
of silanol system catalyst is exposed in the water.
[0009] JP 04345622 A describes a process for cross-
linking the cover of a cable by irradiating it with electron
beams, wherein a desired part of the cross-linked cover
is located at the greatest penetration distance part which
absorbs electron beams. A film made of a material which
is the same as the material constituting the cover is in-
terposed or electron beams of different energies are used
to allow the cover to uniformly absorb electron beams.
Because the entire cover can absorb uniformly electron
beams and excessive electrons cannot remain, uniform
cross-linked can be performed.

[0010] JP 02061600 A describes an electron beam ir-
radiation cross-linking device.

[0011] JP 2005235629 A describes a polyethylene in-
sulation composition for cross-linking by electron beam
irradiation and a high-frequency coaxial cable using this.
The polyethylene insulation composition for cross-linking
by electron beam irradiation contains 0.03 to 0.20 weight
percent of a hindered phenol-based anti-oxidizing agent
in polyethylene whose density is 0.920 to 0.951 grams
per milliliters and melt tension is 4 to 20 grams.

[0012] It is an object of the invention to disclose an
alternative coaxial cable that is able to transport the rel-
ative high electrical power. Itis another object to describe
a method of producing such a coaxial cable.

Summary of the invention

[0013] According to a first aspect of the invention, a
coaxial cable is disclosed. In accordance with an embod-
iment of the invention, the coaxial cable comprises a di-
electric layer between the inner and outer conductor of
the coaxial cable. The coaxial cable is characterized in
that the dielectric layer consists of a cross-linked and
foamed plastic. Due to the cross-linking, the dielectric
layer keeps its elastic properties even at higher temper-
atures and thus remains fixed to the inner conductor. Due
to the cross-linking, the dielectric loss factor of the die-
lectric material is increased. However, as the dielectric
material consists of foamed plastic material, the increase
of the dielectric loss is not dramatic.

[0014] In accordance with an embodiment of the in-
vention, the plastic material is a mixture of high-density
polyethylene (HDPE) and low-density polyethylene
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(LDPE). These materials are relatively cheap and provide
arelative low dielectric loss factor. Furthermore, they are
easy to handle and readily available commercially.
[0015] In accordance with an embodiment of the in-
vention, the dielectric plastic consists of at least 50%
high-density polyethylene. The foamed and cross-linked
dielectric plastic is thus made to at least 50% of high-
density polyethylene.

[0016] In accordance with an embodiment of the in-
vention, the cross-linked foamed plastic has a density in
the range between 120 and 500 kilograms per cubic me-
ters. According to a second aspect of the invention, there
is provided a method of producing a coaxial cable. In
accordance with an embodiment of the invention, the
method comprises the step of arranging a layer of foamed
plastic around an inner conductor of the coaxial cable in
a way that the outer surface of the inner conductor is in
contact with the layer of foamed plastic. The dielectric
layer of foamed plastic is cross-linked, wherein the
foamed plastic is transformed into cross-linked foamed
plastic. In a further step, an outer conductor of the coaxial
cable is arranged around the outer surface of the layer
of cross-linked foamed plastic. Then, a non-conductive
jacket is arranged around the outer conductor of the co-
axial cable.

[0017] A person skilled in the art will notice that the
method might further comprise intermediate steps. For
example, the layer of foamed plastic might not be a single
layer. Instead, a plurality of layers formed, e.g., from dif-
ferent foamed plastics might be arranged between the
inner and outer conductor. The plurality of layers might
then be arranged one by one around the inner conductor.
[0018] In accordance with an embodiment of the in-
vention, the layer of foamed plastic is cross-linked by
electron beam irradiation.

[0019] In accordance with an embodiment of the in-
vention, the electron beam irradiation relates to an ab-
sorbed dose of 75-200 kGy.

[0020] In accordance with an embodiment of the in-
vention, the foamed dielectric layer is chemically cross-
linked.

[0021] The skilled person will appreciate that the steps
of cross-linking the foamed plastics and arranging a layer
of foamed plastic around the inner conductor of the co-
axial cable are inter-related and cannot be separated into
two steps. The reason is that chemical cross-links are
formed by chemical reactions that are initiated by heat
and/or pressure or by the mixing of an unpolymerized or
partially polymerized resin with various chemicals and
therefore chemical cross-linking has to be done while
arranging the layer of foamed plastic around the inner
conductor.

[0022] According to a third aspect of the invention,
there is provided an apparatus for producing a coaxial
cable. In accordance with an embodiment of the inven-
tion, the apparatus comprises means for arranging a lay-
er of foamed plastic around an inner conductor of the
coaxial cable such that the outer surface of the inner con-
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ductor is in contact with the layer of foamed plastic. The
apparatus has means for cross-linking the foamed plas-
tic, wherein the foamed plastic is transformed into cross-
linked foamed plastic. Additionally, the apparatus com-
prises means for arranging an outer conductor of the co-
axial cable around the outer surface of the layer of cross-
linked foamed plastic and means for arranging an non-
conductive jacket around the outer conductor of the co-
axial cable.

Brief description of the drawings
[0023] In the following various embodiments of the in-

vention will be described in greater detail by way of ex-
ample only making reference to the drawings in which:

Figure 1  shows a perspective cut-away view showing
a coaxial cable in accordance with the
present invention,

Figure 2  shows a flow diagram illustrating steps per-

formed by a method in accordance with the
invention.

Detailed description

[0024] Fig. 1 showsaperspective cut-away view show-
ing a coaxial cable 1 in accordance with the present in-
vention. The coaxial cable 1 comprises an inner conduc-
tor 2. The inner conductor 2 consists for example of cop-
per and has the form of a wire or of a tube. The coaxial
cable 1 furthermore comprises a dielectric layer 3 that is
arranged around the inner conductor 2 such thatthe inner
surface of the dielectric layer 3 is in mechanical contact
with the outer surface of the inner conductor 2. The co-
axial cable 1 furthermore comprises an outer conductor
4 which is typically made out of copper or of another metal
and which is arranged around the dielectric layer 3 such
that the inner surface of the outer conductor 4 is in me-
chanical contact with the outer surface of the dielectric
layer 3. The coaxial cable 1 furthermore comprises a jack-
et 5 that is arranged at the outside of the outer conductor
4 and that typically consists of a plastic material.

[0025] Thedielectriclayer 3 of the coaxial cableis char-
acterized in that it consists of a cross-linked and foamed
dielectric plastic. Due to the cross-linked structure of the
dielectric plastic, the melting temperature of the dielectric
layer is increased with respect to the unlinked layer con-
sisting of the same material, for example of polyethylene.
The coaxial cable therefore allows for the transport of
electromagnetic signals with a relative high power.
[0026] As the dielectric layer is furthermore a foamed
structure which counteracts against the increase of the
dielectric loss of the dielectric material of which the die-
lectric layer consists as the dielectric loss is increased
due to the cross-linking. Thus, the coaxial cable in ac-
cordance with the invention allows for the transmission
of electromagnetic signal having a relative high power
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and provides nevertheless a satisfying dielectric loss.
[0027] The dielectric layer 3 consists preferably of a
dielectric plastic which is a mixture of high-density poly-
ethylene and low-density polyethylene, wherein prefer-
ably the dielectric plastic consists of at least 50% high-
density polyethylene.

[0028] Fig. 2 shows a flow diagram illustrating steps
performed by a method in accordance with the invention
for producing a coaxial cable. According to step 200, a
layer of foamed plastic is arranged around an inner con-
ductor of the coaxial cable such that the outer surface of
the inner conductor is in contact with the layer of foamed
plastic. According to step 202 of the method in accord-
ance with the invention, the layer of foamed plastic is
cross-linked, wherein the foamed plastic is transformed
into cross-linked foamed plastic. According to step 204
of the method in accordance with the invention, an outer
conductor of the coaxial cable is arranged around the
outer surface of the layer of cross-linked foamed plastic.
According to step 206 of the method in accordance with
theinvention, anon-conductive jacketis arranged around
the outer conductor of the coaxial cable.

List of Reference Numerals

[0029]
1 Coaxial cable
2 Inner conductor
3 Dielectric layer
4 Outer conductor
5 Jacket

Claims

1. A coaxial cable (1) comprising a dielectric layer (3)
between the inner conductor (2) and outer conductor
(4) of the coaxial cable characterized in that the
dielectric layer consists of a cross-linked and foamed
plastic.

2. The coaxial cable of claim 1, wherein the cross-
linked and foamed plastic is a mixture of high-density
polyethylene and low-density polyethylene.

3. The coaxial cable of claim 2, wherein the cross-
linked and foamed plastic consists of at least 50%
high-density polyethylene.

4. The coaxial cable of claim 1, wherein the cross-
linked and foamed plastic has a density in the range

between 120 and 500 kilograms per cubic meters.

5. A method of producing a coaxial cable (1) compris-
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ing:

-arranging a dielectric layer (3) of foamed plastic
around an inner conductor (2) of the coaxial ca-
ble such that the outer surface of the inner con-
ductor is in contact with the dielectric layer of
foamed plastic;

- cross-linking the dielectric layer of foamed
plastic, wherein the foamed plastic is trans-
formed into cross-linked foamed plastic;

- arranging an outer conductor (4) of the coaxial
cable around the outer surface of the dielectric
layer of cross-linked foamed plastic;

- arranging a non-conductive jacket (5) around
the outer conductor of the coaxial cable.

6. The method of claim 5, wherein the dielectric layer
of foamed plastic is cross-linked by electron beam
irradiation.

7. The method of claim 6, wherein the electron beam
irradiation relates to an absorbed dose of 75-200
kGy.

8. The method of claim 5, wherein the dielectric layer
(3) of foamed plastic is chemically cross-linked.

9. An apparatus for producing a coaxial cable (1) com-
prising:

- means for arranging a dielectric layer (3) of
foamed plastic around an inner conductor (2) of
the coaxial cable such that the outer surface of
the inner conductor is in contact with the layer
of foamed plastic;

- means for cross-linking the dielectric layer of
foamed plastic, wherein the foamed plastic is
transformed into cross-linked foam plastic;

- means for arranging an outer conductor (4) of
the coaxial cable around the outer surface of the
layer of cross-linked foamed plastic;

- means for arranging a non-conductive jacket
(5) around the outer conductor of the coaxial ca-
ble.

Amended claims in accordance with Rule 137(2)
EPC.

1. A coaxial cable (1) comprising a dielectric layer
(3) between the inner conductor (2) and outer con-
ductor (4) of the coaxial cable, wherein the dielectric
layer consists of a cross-linked and foamed plastic,
wherein the coaxial cable is characterized in that
the cross-linked and foamed plastic has a density in
the range between 120 and 500 kilograms per cubic
meters.
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2. The coaxial cable of claim 1, wherein the cross-
linked and foamed plastic is a mixture of high-density
polyethylene and low-density polyethylene.

3. The coaxial cable of claim 2, wherein the cross- 5
linked and foamed plastic consists of at least 50%
high-density polyethylene.
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